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BUCKLING EXPERIMENTS ON 
HOLLOW FLANGE BEAMS WITH WEB STIFFENERS 
by M. Mahendran and P. Avery* 
Summary 
A new cold-formed and resistance welded section known as the Hollow Flange Beam (HFB) 
has been developed recently in Australia. In contrast to the common lateral torsional buckling 
mode ofI-beams, this unique section comprising two stiff triangular flanges and a slender web 
is susceptible to a lateral distortional buckling mode of failure involving lateral deflection, 
twist and cross-section change due to web distortion. This lateral distortional buckling 
behaviour has been shown to cause significant reduction of the available flexural strength of 
HFBs. An investigation using finite element analyses and large scale experiments was carried 
out into the use of transverse web plate stiffeners to improve the lateral buckling capacity of 
HFBs. This paper presents the details of the experimental investigation, the results, and the 
final stiffener arrangement whereas the details of the finite element analyses are presented in a 
companion paper at this conference. 
1. Introduction 
In recent years, thin-walled cold-formed high strength steel structural members are being 
widely used in various applications, including purlins, girts, portal frames and steel framed 
housing. Although cold-formed members have complicated behavioural characteristics, they 
are often more efficient than conventional hot-rolled steel members. One such member is the 
new Hollow Flange Beam (HFB) developed by Palmer Tube Mills Pty. Ltd. in December 
1993 (see Figure 1). This product is unique as it is the first cold-formed, hollow flange 
section to be mass produced anywhere in the world. The HFB is manufactured from a single 
strip of high strength steel (G450 steel with a minimum guaranteed yield stress of 450 MPa) 
using electric resistance welding. The structural efficiency of the HFB due to the torsionally 
rigid closed triangular flanges combined with economical fabrication processes was the basis 
ofHFB development (Dempsey, 1990, 1991). 
The HFB, dubbed the "dogbone" because of its distinctive shape, was developed primarily for 
flexural applications (Dempsey, 1990, 1991, 1993, Heldt and Mahendran, 1992). However, 
research has identified that the flexural capacity of HFB is limited under certain restraint, span 
and loading conditions by the lateral distortional buckling mode of failure shown in Figure 1 
(Dempsey, 1990, 1991, Dunai and Horvath, 1990). 
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Figure 1. Lateral Torsional and Lateral Distortional Buckling Modes 
Unlike the commonly observed lateral torsional buckling of steel beams, the lateral 
distortional buckling of HFBs is characterised by simultaneous lateral deflection, twist and 
cross-section change due to web distortion as seen in Figure I. The cross-sectional distortion 
causes significant strength reductions, and is particularly severe in short to medium spans. 
Furthermore, because of its unique fabrication process, the HFB is not completely compliant 
with either the Australian Steel Structures (AS4100) or Cold-formed Steel Structures 
(ASI538) codes (SA, 1988, 1990). Lateral distortional buckling is not encompassed by the 
design formulae contained in either of these codes, and an elastic buckling analysis is required 
to determine its capacity. Therefore an investigation was conducted to study the lateral 
distortional buckling behaviour of HFBs and to quantify the associated reduction in flexural 
strength, and to determine ways of eliminating this problem. 
This investigation concentrated on the use of transverse web plate stiffeners to reduce cross-
sectional distortion of HFBs and improve their performance using finite element analyses and 
large scale experiments. It had the objective of economically alleviating the lateral distortional 
buckling problem of HFB by the use of a suitable type, size, location and number of web 
stiffeners. For these purposes, the finite element analysis was first used to investigate the 
effects of a number of parameters on the buckling behaviour of HFBs under a uniform 
bending moment. The parameters investigated were stiffener type (plate and box-stiffeners), 
stiffener thickness (5 to 20 mm), location and number of stiffeners (midspan, third or quarter 
points within a span, both sides or one side only of the web), stiffener welding (welded to 
flanges only, web only or both), type ofHFB section and span. It was found that stiffening an 
HFB with 5 mm thick transverse web plate stiffeners at third points of the span could 
effectively eliminate lateral distortional buckling. Although plate stiffeners welded to the 
flanges on both sides of web were recommended, the study indicated that plate stiffeners 
welded to the flanges on only one side of the web may be adequate. In order to validate the 
results from the finite element analysis, a detailed experimental investigation was carried out 
on unstiffened and stiffened HFBs under a constant bending moment with a number of web 
stiffener configurations. 
This paper presents the details of the experimental investigation, the results, and the final 
stiffener arrangement. Details of the finite element analysis are presented in a companion 
paper at this conference (A very and Mahendran, 1996). 
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2. Experimental Investigation 
2.1 Experimental Program 
Avery and Mahendran (1996) investigated the effect of type, thickness, location and number 
of web stiffeners on the lateral distortional buckling behaviour of the HFB using finite 
element analyses (FEA) of stiffened and unstiffened HFBs, based on which they made a series 
of recommendations. The experimental program described in this section was designed such 
that the recommendations and results from the FEA could be verified adequately before using 
them in the design of HFBs. A total of ten 6 m long HFB specimens were loaded to failure 
under a constant bending moment within their span of 4.5 m (see Figure 2). The details of 
each experiment are summarised in Table 1. The measured yield (0.2% proof) and ultimate 
tensile stresses were 480 and 570 MPa, respectively, for the G450 steel. 




Figure 2. Experimental Set-up 
0.55 m Load F 
r 
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Table 1. Summary of Experiments 
Experiment HFB Section Number of Stiffeners Stiffener Connection 
and Location 
1 30090HFB28 None -
2 30090HFB28 4 - Both sides Welded to Flanges and Web 
3 30090HFB28 2 - One side only Welded to Flanges only 
4 30090HFB28 2 - One side only Welded to Flanges only 
5 30090HFB28 2 - Alternate sides Welded to Flanges only 
6 30090HFB28 2 - Alternate sides Screw-fastened to Flanges only 
7 30090HFB28 4 - Both sides Screw-fastened to Flanges only 
8 45090HFB38 2 - Alternate sides Screw-fastened to Flanges only 
9 25090HFB28 2 - Alternate sides Screw-fastened to Flanges only 
10 30090HFB28 None -
The FEA results indicated that 5 mm transverse web plate stiffeners were adequate as the 
buckling capacity only increased marginally for thicknesses greater than 5 mm. Similarly, 
stiffeners at third points of the span were found to be adequate as the additional buckling 
capacity increase was marginal for spacings closer than one third span. However, stiffeners at 
midspan alone were found to be insufficient. Other types of stiffeners such as those made of 
Rectangular Hollow Sections (RHS) were not considered in the experimental investigation as 
the FEA study showed that the capacity increase due to these more expensive RHS stiffeners 
was only slightly more than that due to web plate stiffeners. Therefore in all the experiments 
5 mm transverse web plate stiffeners fabricated from mild (G250) steel plate were used at 
third points of the span as recommended by A very and Mahendran (1996). Experiments 1 
and 2 were conducted to verify the improvement to the lateral buckling capacity of HFBs with 
the use of these stiffeners. 
(a) Stiffener Welded only to Flanges (b) Special Stiffener Screw-fastened to Flanges 
Figure 3. Transverse Web Plate Stiffeners 
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The buckling results from FEA were identical for HFBs with stiffeners welded to their flanges 
only or both flanges and web. This means that the stiffener welded to the flanges alone is 
effective in improving the buckling capacity of HFB, and it is unnecessary to weld the 
stiffeners to the web. The FEA study also indicated that it may be sufficient to weld stiffeners 
on one side only instead of welding on both sides as the difference in buckling capacity was 
small. Therefore a number of experiments were conducted to verify these predictions 
(Experiments 2 to 5). Some experiments had stiffeners on both sides of the web at third 
points of the span (a total of four stiffeners) whereas others had stiffeners which were either 
on one side only or on alternate sides of the web (a total of two stiffeners). Since the FEA 
predicted no difference between welding to both flanges and web, and welding to flanges 
only, most experiments (3 to 5 in Table I) had flange welding only. Figure 3 (a) shows a 
typical transverse web plate stiffener welded to flanges only. 
Since the finite element study predicted that welding to flanges alone would be sufficient, a 
special stiffener was developed that could be screw fastened to the flanges. This stiffener was 
fabricated by cold-bending a 5 mm plate to fit the inclined flanges of HFB and was easily 
fastened to the flanges using No.14 screw fasteners (see Figure 3 (b)). Experiments 6 to 9 
were therefore conducted with these special stiffeners. As seen in Table I, the last experiment 
(10) was a repeat of Experiment I in order to confirm the reliability of the experimental set-up 
and method used in this series of experiments. 
2.2 Experimental Set-up 
Two load-controlled hydraulic jacks, located on the overhangs at a distance of 550 mm from 
each support, were used to produce a constant bending moment over a span of 4500 mm (see 
Figure 2). Two special loading devices were used to transmit the jack load into the webs of 
the HFB specimen as shown in Figure 4. This eliminated the load height effects and flange 
crushing. 
Figure 4. Load Application 
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To enable direct comparison with the results from the finite element analyses ofHFBs (Avery 
and Mahendran, 1996) and other theoretical solutions, it was highly desirable that each degree 
of freedom be either fully fixed or free, ie., no partial restraint. The preferred restraint 
conditions at the supports were for the cross-section to be restrained from vertical and lateral 
translation, and prevented from twisting about the longitudinal axis of the member, while 
being free to rotate about the major and minor axes. These conditions were met by using a 
specially designed, but relatively simple, support configuration shown in Figure 5. 
Figure 5. Support Configuration 
As shown in Figure 5, two mild steel plates were placed between the HFB beam and each 
roller support. These plates were separated by a stainless steel sheet attached to the top plate 
and a Teflon layer connected to the bottom plate. A steel pin fixed to the top plate fitted into 
a hole in the bottom plate. The plates could therefore rotate freely on the low friction Teflon I 
stainless steel interface, but were prevented from relative translation by the pin. The bottom 
plate was prevented from lateral translation by the considerable friction force (due to large 
normal forces) at the interface with the roller. A steel plate was also clamped to the roller to 
ensure minimum lateral movement of the bottom plate. A Rectangular Hollow Section (RHS) 
web stiffener was welded to the HFB section and to the top plate over the support (see Figure 
5). This stiffener prevented twist at the support, and connected the HFB specimen to the top 
plate, allowing rotation about the minor axis without lateral deflection. The stiffener also 
transmitted the reaction force from the web directly to the support, preventing local bearing 
failure of the bottom flange. 
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Two 5 mm strain gauges located at midspan on the top and bottom fibres of the section were 
used to verify the bending moment within the span, and two wire displacement transducers 
attached to the top and bottom fibres at midspan were used to measure lateral deflection (see 
Figure 2). Conventional displacement transducers were not suitable because large deflections 
were expected and the direction of buckling was not known. Furthermore, it was necessary to 
locate the displacement transducers far enough away from the beam to minimise error due to 
the vertical deflection of the beam. Two conventional displacement transducers, one at 
midspan to measure vertical deflection, and the second at a support to measure movement of 
the bottom plate were also used. This was implemented to monitor the performance of the 
support configuration, and to assess whether the assumed lateral restraint did occur. 
2.3 Experimental Procedure 
Each HFB specimen was prepared with RHS stiffeners on both sides of the web at the 
supports and intermediate transverse web plate stiffeners as per Table 1. It was placed onto 
the roller supports and the displacement transducers, strain gauges and special loading devices 
were set in place. The hydraulic jacks were carefully located and aligned as any eccentric 
loading would be undesirable. The load was applied incrementally with reducing load steps 
as the expected failure load was approached. Since the load was applied using load control, 
particular care was required to accurately determine the ultimate load without catastrophic 
failure. During the loading of specimen, deflection and strain readings were taken and the 
failure mode carefully observed. The magnitude of the applied constant bending moment 
within the span of the HFB specimen was obtained by multiplying the jack load by the 
distance of jack from the support of 550 mm. This value was compared with the bending 
moment calculated using the measured midspan strains (average of top and bottom flange 
strains x Young's modulus of 200,000 MPa x section modulus Z of HFB section). The 
agreement was within 5% in most cases and thus for consistency only the former value of 
applied bending moment was used in all the moment versus lateral deflection curves shown in 
the next section. These curves were used to evaluate and compare the performance of the 
HFBs. These results are presented in the next section and discussed. 
3. Experimental Results and Discussion 
All the experiments showed that HFBs have very little post-buckling strength beyond lateral 
buckling. This confirms the results from the finite element analysis of HFBs (Avery and 
Mahendran, 1996). For some experiments, attempts were made to determine the buckling 
moment from the moment versus lateral deflection curve using the fourth power method 
(Takabatake, 1988). For example, the buckling moment of unstiffened 300 90HFB28 
(Experiment 1) was estimated to be 42.6 kNm compared with the ultimate moment of 42.9 
kNm. The corresponding results from the finite element analysis were 43.3 and 44.0 kNm. 
Therefore in the discussion of results in this section, no attempt was made to differentiate 
between the elastic buckling and ultimate moments. 
Table 2 presents the ultimate failure moments from the experiments reported in the previous 
section, and compares with the elastic lateral distortional buckling moments from the finite 
element analyses. In general, the results agreed quite well, with experimental values often 
being greater than the analytical values. 
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Table 2. Elastic Lateral Distortional Buckling and Ultimate Failure Moments 
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Figure 6. Bending Moment versus Lateral Deflection at Midspan Curves for 
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Experiments with unstiffened HFBs (Experiments I and 10) verified the premature lateral 
distortional buckling failure of HFBs. The fact that experiments I and 10 were conducted 
three months apart and still gave the same failure moments confirmed the repeatability and 
reliability of the experimental results. Figure 6 presents the experimental and non-linear finite 
element analysis results for two 300 90HFB28 beams: the first unstiffened and the second 
with stiffeners on both sides (Experiments I, 2 and lOin Tables I and 2). The non-linear 
finite element analysis was able to predict the bending moment versus lateral deflection curve, 
and ultimate moment capacity quite well. The results in Figure 6 and Table 2 clearly show 
the improvement of approximately 20% in the lateral buckling capacity of HFB when 
stiffeners were used on both sides of the web. The capacity of 56.4 kNm in Experiment 2 is 
rather high and may have been due to experimental variation. The use of stiffeners appeared 
to have eliminated the distortion of the HFB section during its lateral buckling failure. Figure 
7 shows the typical lateral buckling failures of unstiffened and stiffened HFBs. 
(a) Unstiffened HFB (b) Stiffened HFB 
Figure 7. Typical Lateral Buckling Failures ofHFBs 
Figure 8 presents the bending moment versus lateral deflection results from Experiments 3 to 
5 for which only two stiffeners were used either on the same side of the web or on alternate 
sides of the web. The FEA results for the HFB with stiffeners on the same side of the web are 
also presented in Figure 8 and compared with experimental results. It is assumed that the 
FEA results for stiffeners on alternate sides of the web will be nearly identical to those for 
stiffeners on the same side of the web. As seen from the ultimate moment results in Figure 8 
and Table 2, welding stiffeners on the same side (Experiment 3 and 4 - 48.8 and 52.3 kNm) 
appeared to be detrimental compared to welding stiffeners on alternate sides (Experiment 5 -
63.8 kNm). When the stiffeners were welded to the same side of the beam it was found that 
the welding process introduced an initial bow in the beam in the form of a single half sine 
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wave which was in phase with the expected lateral buckling mode within the span. This had 
the potential of reducing the ultimate moment capacity of the beams. On the other hand, 
when the stiffeners were welded to alternate sides of the beam, an initial bow in the form of a 
continuing sine wave form with two half sine waves was introduced in the beam. This initial 
bow was not in phase with the expected lateral buckling mode and this could have caused the 
higher buckling capacity of 63.8 kNm. Since the finite element analysis did not include these 
imperfections due to welding, it could not predict this variation in capacity. For the same 
reason, the experimental moment versus lateral deflection curves did not agree well with the 
FEA curve. Despite these results, Experiments 3 to 5 gave confidence in the use of only two 
stiffeners as the experimental capacities (48.8, 52.3 and 63.8 kNm) were all considerably 
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Figure 8. Bending Moment versus Lateral Deflection at Midspan Curves for 
300 90HFB28 Beams with 2 Stiffeners Welded to Flanges only 
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Since the previous experiments with stiffeners welded to the flanges only showed that they 
were equally effective as those welded to both flanges and webs, the special stiffener shown in 
Figure 3 (b) was used in Experiments 6 to 9. Figure 9 presents the results of these 
experiments for three different HFB sections. Results were of the same order (57.8 and 55.0 
kNm) for Experiments 6 and 7 with stiffeners on one side of the web (two stiffeners) and both 
sides of the web (four stiffeners), respectively. This confirmed that stiffeners on one side of 
the web were equally effective as stiffeners on both sides of the web for 300 90HFB28 
sections. In fact, the experiment with two stiffeners produced a higher ultimate moment than 
that with four stiffeners. Both experimental results (57.8 and 55.0 kNm) appeared to be of the 
same order as the corresponding results (52.3 and 56.4 kNm from experiments 4 and 2) when 
stiffeners were welded. This implies that screw-fastening the special stiffener to the flanges 
will be adequate and can eliminate the need for welding the stiffeners to the 300 90HFB28 
beams. By comparing Figures 8 and 9 it can be seen that lateral deflections prior to buckling 
were quite small for HFBs with screw-fastened stiffeners compared to the HFBs with welded 
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stiffeners. This is because the screw-fastening does not introduce any geometrical 
imperfections or residual stresses compared to welding. This is a significant advantage 
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Figure 9. Bending Moment versus Lateral Deflection at Midspan Curves for HFB 
Sections with 2 New Stiffeners Screw-fastened to Flanges only 
Experiments 8 and 9 involving other HFB sections, the largest section 450 90HFB38 and one 
of the smaller sections, 250 90HFB28, also confirmed the analytical predictions and other 
observations, in particular the adequacy of the new screw-fastened stiffeners. The use of 
screw-fastened stiffeners improved the buckling moment from 57.1 kNm to 68.0 kNm for the 
larger HFB section (19% increase) and 44.5 to 51.0 kNm for the smaller section (15% 
increase). It is to be noted that based on the finite element analysis (Avery and Mahendran, 
1996), up to about 50% increase can be expected in the buckling moment of stiffened HFBs 
for medium spans in the range of 2 to 4 m 
Since the new stiffeners are simply screw-fastened to the flanges on alternate sides of the 
beams and improve the buckling capacity in a similar manner to those welded to the flanges, 
they are recommended rather than welded stiffeners. In Experiments 6 to 9, the new stiffeners 
were screw fastened to alternate sides of the HFB web. Since they did not introduce any 
residual stresses or geometric imperfections in the beam as in the case of welding, it is 
unlikely that screw-fastening to the same side or alternate sides of the web will make any 
difference to the results. However, the latter method was preferred in all the experiments in 
this investigation and is recommended. 
4. Conclusions 
A detailed experimental investigation of unstiffened and stiffened HFBs under a constant 
bending moment was conducted in order to verify the results from a finite element study of 
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the same. Large scale experiments on 4.5 m span HFBs confirmed that HFBs underwent a 
premature lateral distortional buckling failure, but the web distortion was eliminated and their 
capacities were significantly improved when transverse web plate stiffeners were used. The 
experiments verified the analytical based recommendation that 5 mm web plate stiffeners 
welded to flanges on both sides of the web at third points of the span would be adequate to 
provide such improvements. Verification of the important outcomes of the finite element 
study implies that design charts developed using the finite element buckling results for 
stiffened HFBs (Avery and Mahendran, 1996) can be safely used in design practice. 
The experimental investigation revealed that welding 5 mm plate stiffeners welded to the 
flanges on alternate sides of the web was equally adequate. It also led to the development of 
an 'easy-to-install' special stiffener that is screw-fastened to the flanges on alternate sides of . 
the web for all the HFB sections. 
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